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R ~ L o f a l l  ? P o t e n t i a l  l lvapotramrpirr t ion (It)  
H o i r t u r r  A v a i l a b i l i t y  Iadrx (MI) for tba four l o c r t b n r  
rmprer rn t iae  Madhyr Praderb ,  h b a r u h t r r  , t a n a r t a & a ,  rld 
Aadhra P t rde rb .  
A r a u  v i t b  bfgb potmntia l  for  Ilprovod VartS~ol ) ( . a 4 r u o t  
Tocbmolqy in  Madbya Praderb,  
I m p o r t u t  ro rpbo log rc r l  c h r r u t a r i r t i c r  of t ba  1 in 
B e g w a n  j , tbdbyr Pradarh . 
& a l y t ~ c a l  d a t a  of r o i l  from Bogltl(lan j ,  M b f r  t r d e r b .  
Area under r a iny  r s r r o a  cropr  i a  &airen D i r t r i c t  , W b y a  
Praderh ( p a r a  1978-79 t o  1960-81). 
?reren t  ltod ure  da ta  i n  Bagu.ltaa j ,  Uadbyr P t r d r r b ,  1983. 
Yield l e v a l r  (Ira ha-' ) of p r u l c i p a l  Rhar i f  &ad Rabi c rop r  
( u n ~ r r i & a t e d )  i n  Beguytau j b l o c k .  
P e r t i l i t e r  ( a u t r ~ a n t r )  (kg h r d  d i r t r i b t i o n  i n  Rairen 
D i r t r i c t  , W b y a  Praderh.  
P a r t  i c i p a t i a ~  f a t v r r  and a r e a  c o v a r d  wi tb  d i i f a r m a t  
a g r o n a r c  p rac t  i c r r  I n  t b e  v r t e r rbcd  p r o j e c t  a t  Begumaoj,  
W b y a  PruJerh ( y e r r r  1982-83 t o  1984-85). 
Iopu t r  and p r o f r t r  (PI br ' ! )  f o r  t be  d i f f e r e n t  8 y r t . u  i n  
three year r  of IWI i n  t h e  ekg\rrlan J r a t e r r b o d .  
t i 8 . l  ?be Qort i r o l  are.$ of India r k r e  r r i a t r l l  i r  dapandrblo a d  
\srPdependrbte. 
2 Averale roatbly r r i n f r l l  (?)  rad totmati81 @+rpot tu~@pi t8 t ioa  
(Pit) a t  four loert  b u r  i n  Pert i ro l  arorr  of tba p a a h r u l r t  
Iodir  . 
Pig .3:  I a i t i r l  (V )  and coodit ionrl probabi l i t i r r  > 2 b  o f  r a i n f a l l  
whaa preced.d by wt wrk ( Y t V ) ,  r dry m.L (Y/D) rod r r a  
uacrkly r r i a f r l l  i n  brl l$qaoj,  H.?. (1953-82 orcept 1960). 
4 :  h a u l  r a in fa l l  8 ~ d  probrbil i t 7  curve ( p r r r  1933-82, n c r p t  
19601 - B e s ~ r r i j ,  Madhyr Praderb. 
$111.5:  Black r o i l  vaterrbod u a r $ e r r n ~  project - h y q r a j ,  M.?, 
(?bare I ) ,  1982-83 t o  1984-81, 
P i g  .b : Black r o i l  uaterrbed a a a r g o m t  project - hg-amj, M.? 
( P b a e  IX), 1984-85. 
Pig .7 :  A n n u a l  r a in fa l l  (1953-82 ,  ereept 1960) - w y r l a n j ,  Xadbyr 
Pradrrh. 
Fig.8:  Meekly r a i n f a l l  (-1 1982-84 - b.#ro(~rnj ,  Mdbya Prdeah.  
Fig.9: So i l  u r i r tu re  cootent i n  tbe top 15cm lrywr a t  rowiog t ime of 
wheat a t  B e g q r a j ,  Madbyr Prrderh. 
1 0 :  Soi l  wr i r tur t  coateat i n  the  recaad 30- layer at roving tiw 
o f  *sat at  Bepmgrnj, Mrdbyr Prrdeah. 
i l l  Det r i l r  of three porat linkage tool bar for t rac tor .  
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L 
Oar rincrra tbwrkr 8ra drr+ t o  D r .  S.M. V i l l ~ ~ n i  for eonatamt 
eacouruewmt and rolring tbr vat ioue cbr i r i r t to t ive  c d  
tecboierl probl ru  rrrcounterad i n  tba ini t i r t iolr  of tba proj88t. 
Va virb to  tbrnk Drr. M S .  Reddy, G.H. Uaiaricb and R/r .  G * & *  
i a r t i  R .  k n u l ,  K.L. llrivartavr for tboir  uJvite r d  
guidance dot iw i n i t  i.1 atrger of tbe ptojaut . Ya $rr tahrl ly  
reklrorledse tbe help mid armiatmcr from Dr, A lrlr for 
rrpplyiog tbe necarrrty a a t a c l i u t  i c  inforwt ioa aab i t r  c r i t i c a l  
aorlyr i r ;  rdl Dr. barbar biaab for providing tbe iafonut ioa em 
r o i l  c h r a c t r r i r t i c r  &ad proportier. Alro the belp of W r .  It.@. 
Krbirwear i r  ~ r e r t l t  appr+cirtad for r t o o i c  corlyr l r  of tho 
iopotr and the profit. wader diffrromt r y r t a ~ .  Mr. T.?. 
Rariodrm, becratrry, darener  our rpeeirl wat ioo  for bia he lp  
and cooprr t ioa  i n  tha praparrtioa o f  t b i r  report. 
Wa virb t o  recbrd our rpprrcirt ioa and tbraLr to  tbe 
o f f  i e i r l r  of the IWpartrnt of Agr iculture,  W b y r  haderh  for 
tbeir willing and able amriatrace to  the project, botb for 
carrying out t b r  act iv i t  i e r  red for mupplyiag necoarrrt 
information and material. 
?be f a r w r r  of tlw r i l l a l e  of  cocorre damma oar riacare 
t h n k r  for tbeir  eatbumiarm and willing particlprtioa witboot 
which-it-clrould have not born porsible t o  irpleaert  the project. 
b d b y r  PralerL, the krrtlrmd of I a d i r ,  0 mdomd w i t h  7 r i l l i oa  
hat t r rer  of  deep Votttrala out of r to ta l  of  12 million b.ctrr.8 l o u t e d  
ia th* I r p a d r b l e  biah r r i s f r l l  (750 r, rad rbova) t q i o a  of tba corrotq 
( l i a .  1) (Ryan et  3 1 .  1987). The avri l rble  r o i l  r o i r t r t e  aob tbe 
dirtr ibatiom of  tb* rvapotrrarpirrt ioarl  d . u a d r  i o  t b i r  r q i o n  i n  
coat tar t  v i tb  tbe Pert&rol r rbrr  of the p a i n r u l r r  Iodir (pig. 2 rad 
Tabla 1) iobicr t r  tkut i t  bar the  bi tbrr t  potential for i oc roo ia8  crop 
product ion u-r rainfad coadi t ioar . 
Table 1. h i a f a l l  (PI, Poccrrtial Evrpotraa@pirrtioa (IS) rrd Moarturr 
A r r r  l ab i l i ty  Xadar (UI) for  t he  four locrrt b a r  roprereatbg U h y r  
Ptrdoab, Nahrarhtra ,  Earnat &a, and Andhrr ?r.d*rb. 
Rainfall Potential tvrpo- M o i r t u r o ~ r r i l r -  
Locr t &a@ l l t r t r  (L) t raaopirrt ion (Pt) b i l i t y  I . l u  (WI) 
Boutce: i n  t r l ,  1982. Rainfa11 probrbi l i t j  e r t i u t e e  for 
r e l e e r 4  locrrtiooa of rrai-arid 3bd i r .  tcaerrch Bullet ia lo.1 2 M  Ed. 
(eo1rtg.d). 
Bwrver, tbe t r d i t i o - 1  practice of large r u l e  r a h y  rcuoa 
f r l l o r i q  t o  avoid ucer8ive  ro i l  moisture coaditwmr and the uroc ia ted  
r o i l  r t ruc tur r l  problem (very rticky rod d i f f i c u l t  t o  wrk vben ort ud 
brrd r b a  dty) u t i l i a r r  only 392 of  tbe r r r i l a b l e  roil  w i r t w e  
( i f  e  a .  1985) r r  r crop i r  being r r i r d  on tbe teridml r o i l  
rcrirtare vbicb i r  oftoo l i m i t i n g *  Alao i n  rbreac, of r crop cmopy tbe 
t r l lov  lrndr are erpoaed t o  berry rvaolf and roi 1 lor, drab b k b  
i a t e a r i t j  r a in fa l l .  

r ig .  2 :  A .  . P uso ~~mti.1 I--tiO (R) 
r t  raw :&rt!..cu i n  Vertleol -8 af the ~bdi.. 
n o  rinth# pt~ttaea *t rcrirril~y 8 m #men map CI m 8 8 e a a  
)owl k r . 8  #IJ (It- ~ 8 t j l ) t C W r  kSW $lCJhSl)+llt 
4 a t  a b ? o f t  ryllirrlh a. 
tk u t n e  ef meom er-t in  tba dithtme vami0*1 d&o@?b8# 8-QO 7 It- S)-I) mtcwlrt (Tabla t . MBtmt, t d h ? 8  I- p-ttul  
mpatrtioo1 4 t i t i e r l t i a r  trr 8 c m t i . l  tk YD.? ) n t h  at rtlrrkrly 
Lam. 1- LIIdWo L. 4 rhr t  t l r  r n t i r b t a  ae tlu -ha& .I tk 
rcruoe wll b 4 b  t i rk  cLw to r c l t a t l e a w  im rurariw t a b @ .  
Antr8e r t a r  e f  b b y  88mm t 8 l b  
kr clepnlrblr r r l r y  r o a m  ar ptrrrrtwo m t  met 
tr infrt l  l i8trirtr i r  1 lor 8- r t a r  
ICIISAT l a m i a 8  S y r t a  Rerearch Protram hm kn w o r k 4  r h o 8  1975 
t o  develop an improved Vrrt i8ol mna#emrt t a e b s o l ~ y  bard  a inl amd 
ra ter  wmgamat pract ieer . ~ r u r i a a  opt  imam ia f  ilttatiolr of rrk -tot, 
adyoate f i e l d  rlrrfatr drainage, u t  i 1 irrt iaa of rnrilable moll r o b t w o  
rbrougb imtercreppif~~ of r rbarr d r r r t i o n  rPd a lory durrticrr, crop 
8eqwmti.l $ d l .  c r v p p i ~  and are of improwad fa- u c h i s e r y .  
Tbo ratambed b w e d  gnrr t io ru l  remearch at  lQIUT Camtta 
t&t cropr ccs k roccaaahrlly g r m  both i n  rainy d p o r t r a h j  norom 
ola deep T r r t i ~ o l r  by undertrtiaj tbr fo;lwSsg oporatioar. 
Colt irat iq  tba land i i a t e l y  a f te r  brveatimg of tk peotrdmy 
m u o n  crop rh.a the ro i l  r t i l l  coatrinr r m  mofrt r ta  #ri i r  mot too 
bard. 
e fr(lrand drairyla vitb tb. aid of  field 
tk re. of b t o d b d - 4 - f u r r w r  . 
Bey a a d h  o f  cropr kfore roarom rain@ colr-m. 
0 m r w o d  placewot of * a d  a d  fer t i l i - r  for bottar cromtolrl. 
tti+rl ir - 
of 4i.trict i a  u h r q  
tL. r i a l l a  of t a b 7  r r o a  
t b a r  of iataxcrop 
a00 L g I L . .  
tetb a t t a r  t a l b .  
wedmr tba iqro-d 
of 24U w m  &trimad cm 
(litam et a t .  1982). 
. ) i t + l y  qacout ra rag  rermltr h tbe f o t r r r  f ie ld* a t  
T a d h m p a l l y  prarpted th.t the improved Vtrtirol r r o + l r r n t  tacbol-y 
rboclld bo t r ied i a  the f r t w r r  f rrlde  io  W h y r  t r d e r h ,  *re the 
p a t m t i a l  for i t  u A A C o n r e q w n t ~ ~  io I982 r collaborati+r 
project bom~m tbp j ) j C p ~ r $ ~ p )  of S r r c u l t u r e ,  lldbpr ?r.derb ud ICIISAT 
wmr i m i t i a ~ d ~  a$,, tbq v i 1 ) u e  Beg-rraj i krireo d i r t r i c t  w i t b  t b r  
t a l l d a l ;  object iver :,,, 
~. . 
1. To tor t  tbo Vertippl unagemmt tecbaolwy 8nd t ry  to d a p t  i t  to  
coedit ioar i o  Madblr trrderh.  
2 .  To k l p  io t r u a f e r r ~ r r g  r y r t a  unagemamt capabili ty t o  the 
Dopartunt of  b r a s u l  t o r e ,  Uadhyr ?rrdt#b. 
Thir rapart r \ r r rr t i ter  the reroltm aod obrerratiomr obtainad drrring tbe 
throe p a r 8  o f  tbe project. 
a 
' # 
t a  i. a Tehrrl (rubdr.rriomr1 bedquar ter )  b.Jq(urter ie 
Dirttict Baiora. I t  i r  located oo Ibopal-Jabalput bi8hv.y r t  4 dirtcurce 
of,f;lSt&a tram Bbo-1, t b e  caprtr l  c i ty  of #bdh~a P r d e r b  rrad IW k m  
frm , w i S e ~ .  &rtw.~ j has r p o p u h t  ion of  16036 &ad the t a n  h.8 the 
f ac i l i tha r  of 8 Caverrrrsnt horprtr l  m d  4 de8r.e college. 
I ' 
Tbo u x ( a r  a d  mini-  terperrtures range betwen 4S°C t o  4% with  
p r r i b i l l t y  of f r o r t y  coodit ionr  s t .  Tbe arrrage r a i n f a l l  i r  
aagud &#Sa p r b u b  corerr  a b u t  902 of potrotial  r r rpe t rmrp i r r t ioa  
(?R) of 1542 r and exbibitr u r t l c  ro i l  moirtrrrr raim.  tha mrrLly 
raimfall, d i r t t i b a t  ioa and the rr  infa l l  ptobabilit ies  (tb. 3 iudicate 
tbat ww.aj bar d.pe~dwlbla r r ~ a f r l l  dirtribation d m &  taiay a l~moa.  
Figure 4 rbow tbat at  1002 probabil i ty B r g q a o j  r i l l  h m e  743 a t  or; 
r a in fa l l  in a l l  t h e  yaara. Zlbe PIPE v r l u a  a t  w-j ir m.90 a~jriort, 
tk requirad aiaium of  0.34 reported by Harlreaver (1975) t o  w e t  tbr 
w t o r  r a g u i r m m t r  of thr d r y l a d  cropr. 
i; > 
'I- , ., 
. r ,  - ?- 
& 7 r2 -.- 
Fig. 4: Annual, rainfa;: a n d  prcrbebility curve (years 1953.82, 
except 1 C)lhE= ) - bercunyl&nJ, LCadhya Pmdesh 
b i l r  a n  ck- 'krtbalr r i e l  1w.l t o  vet) #oatla r l - 4  pklr#;C ..1 
wlrraee11, wall 4 r a i H 3  c k r r c t o r i r t b r .  tlk &erilr l  rei1 
rbraetetirtie* a n  # ivm i n  Table 3 .  A r  mueb t @dl# rn 1w L 
pbopbrrra md quit aatboa a d  m m 4 h  13 )otsrL, qd arllph I#I1 re* 
mtlt ~ t t . 1  t* mil(it7 allilr1iae ir t e w t i o a  ( 7.1r'l)b00) t-bat 
t prot i le .  Cl1y aomtamt r r r i a a  t t a  8 6  t o  S9.3I rrrl b e r m  
i.lcrouiyl t r d  wt tb  depth. h t k  l r r o i t y  rrthr frrr 1.81 t o  l b 9 9  d e b  
tbm d-b, JLfcb i n l i c r t r r  rote c#prctnaor o f  mil La rmb-arrrrfrao 
b t  icrr , n t a t  i v s l y  lw ~atmratd b.l4rrr t i c  *-mat ivLt 4.0 h rub-aei 1 
l a p t o ,  a d  )oar toot wmo betat  iee*. tk c k t r i l a d  g.t~rtkaa1 data of 
1-j @ail  i r  8 i w a  i n  T&ble 4.  
t a b l e  3.  1 r t - t  .~rpbolo$At11 eL1tactarI I tAeo of t k  ooil i m  
&$-88j, M.?. 
Vary h a p  @a111 (ItO-150 cr) a tay i rb  
brorr t o  l a r k  $ t r y i r b  btorr clayay 
A b t i t o o ,  o r d o t l a h  bt &ark g t r y i r b  
brorrr c leyay  r r b a e t r t r  r i t b  coarao 
i n t a r ~ r c t  irg I l i c k n r i l a r  h r r k i q  
t o  r a ~ u l r r  blocky p d r  r i t b  abi.7 
prereure fr-8, ~radeo~  t o  r l a p y  C 
bor isoa. 
6 .  &)or r o i l  I t r i t r t i o m  Wetaeoa H e t r C a  40.) r u l e o i l  
r l k a l i o i t y  
7.  O t h r  featurea Cracta opto ~rs 
8. C l a r r i f i c r t i e r  L. lrwlb 0.- black r o i l 8  
t iar , matmot l l  toah i c  hyper thenic 
family o f  t a t i c  Cbrmotart 
)orrrco: Rmport orr tk & t a i l 0 4  ro i l  rorvry  of v i lh l ;o  kl;w.~j, kbom 
i t  4l.t. 4.- Be. 1 ( ~ a t i o o r l  k u o r w  ot  Soil kt+crl ui trJ 
Ow tlmtmg ud IUfSAT Ikl)lr).tatiwe pro j e t t ,  1913) 
+ Repert am t b  (ataflod 6 mwaj 011 vilk$a W j ,  Ilrhrrr 
(lirrrict , ? &..r(r k. 1 ( I r e  im.1 krrrrr, a# kil & m y  url llrJ ? l w i m  .J zarwt k+)rtativr tt~f+ct, M19). 

?& t oc r l  c r f t i v a c d  8r.r i. m-uj i 5  422 r 11 rri.7 CIJH. 
roratir rl p i 8 . 0 r . p ~  bC.8 tk -in et+pa La tlk p a a t ,  ht k trant 
para  raybaa in b u a i a g  p0-L.r (Table 1). 1 m  p o r t r r t r t  o a u n  *at, 
chickpa,  lomtil owl l imrad  a re  arterrrirely #tom. t b a  prareut IrJ u8a 
data ( t ab le  6 )  tot --an) rerrralr tb r t  k 8 q a a f  a l l  ub&t *at, 
e L i c k p a ,  I n t i 1  and Ifaa...rl crop aoaa. r r l t i n t d  rt*rrwrlmt 
dif ferea t  crepr in mwuj ul th.. mei8bbouriq vi1  la te r  i r  8 i n r  rl. 
Ap)rrdi. I .  'fb. yield level8 of r o l b . r a ,  vbert 8.i cbtal) .aurlar  
rahfod c d i t i o r o  t a u .  I r a  7 t o  10 qujatalr  per brctate (Tabla I ) .  
Tabla 5. Atra wader raiay raaron cropr i n  Rairw l i a t r k t ,  
W b y a  tradeeh ( m r r r  1978-79 t o  1980-01). 
Table 6. ?rerant l a d  or@ data i n  kg-mj, W h y 8  Praderb. 
Part ico l r to  
tercrotrgr  o f  .at 
Area (ha) #eo(rrpbit area 
1. Total geogrpahic area 56 1 
2. Total e r l t i v a t d  area 4 2 2  75.2 
3. Lad p t  t o  .oa-r#rieultural  
one ( to rea t ,  war te lad  and 139 
ri 1 lase r  i t r u t  ioo) 
4. Ate. under different  cropm net rown area 
m a t  
Cr8m 
Lentil 
Iha t ard 
t d d y  
Xirc . 
borrce: bport m t k  deta i l& roi l  rorvry of vi l lage M q a u j ,  Irfren 
district, . , A g e d .  Eo. 1 CI1tiom.1 h a a m  of ( ( ;O i l  W v a y  a d  lLUd 
Dm* tl-iq a d  ICl lSAT Cooprrrtivr Froject ,  19831. 
tk mt-• rrirf.11 in U i r m  dfrtr i c t  ia 1- 1300 . nWI 
) a ) l r l . C i o l r  i+.rlLty h rttnad ? 6 / a q . b ,  a d  4 b I8 tbe m t w e  L u l  
La141w. Apptmiwtely )OX of tbe cmppel ares i left fa1 lw d m 4  
tai .9 ~mmae (Tabla 2 ) .  krlIock rr rail .r t r w t w  pewr  I, m a a d  for 
e r l t i r a t h  of l u l .  G .e rrrtrga ra t  croppad atar )rr tractor a d  
b m l k k  pait Sr 307 r d  2 , 5  ba i e r p c t i v e l y .  Beric Cat8 of tk dirtr ic t  
for f 982-63 i r  8 i r r r  ir +f r f f . 
Table 7 .  Y ie ld  Irrelr (k8 hag') of  principal t h r i f  and W i  
crop# (rrrirri8atcd) i n  b+lrol(~aaj B l a c k *  
Crop 
t e a r  
.. J 
1982-83 198344 1984-85 
Tbo f i 8u ter  lor f e r t i l i r r r  coormptian during d i f ferent  a r u o n r  rra 
8 i v m  i~ tabla 8,  rbich rbm ao ircrrrfiia8 r r t t  of I e r t i l i u r  are during 
tbo rsioy rrrroo. Boorver, tbe f e r t i l i r r r  ure d u r h  portrrby  8 e u o o  i r  
rl-t rrmo for tbe three p r r 8  rurveyed. Tbir ir  ao iodirecrt indication 
of r eoortant iacraue  i n  r8izty oeaoon croppi-. 
Irbl. 8 .  ? a r t i l i r r  (nutrient$) k h a  dirtr ibut ior  i n  Raiaeo 
Dir tr ic t ,  bdbya Praderb. 
Y t r r  
Tba Winiater of &ricul tore  41- u i t b  hiah o f f i r l a l o  of tha Deprtmnt 
of &ricmlture,  Madbyr t tadrah viai tad tmI&Lt Carter in latter &If  af 
1981 t o  o b r e n r  rmd diaeurr the n t i a r r  arpactr  of tk rrterobod 
mmugcnrtot and i.prored Vortlaol tochaolol(;~. Tbair v i a i t  t o  XCRIUT 
t r i # # e r d  the necearrry ratkmofeom red b teror t  i o  t r y i l ~  tbr tmbolqy 
uorler tha r 8 r o c l i u t i c  condft ioar o f  W b y r  t r d a o b  rail evalurte  i tr  
rppl ic r t ion  t o  v r r t  deep Vrrtiml r raro  vitb depandrblr b i l b  triofrll 
r r e r r  i a  tbe r t a t e r .  Tba i n i t i a t i v e  t h e n  by t&8 n i a i ~ t # t  of A ~ r i c o l t o n  
c u l m i l u t d  i n  r r t r b l i r b r n t  of 4 c o l l a i r r t i v r  oa-frra evrlortbn ptojoat 
i n v o l v i q  the P e p r r t ~ n t  of 4 t i c ~ l t u t 0 ,  H r P r  rnd f C l S S A T ,  
The Soil Coarervrtioa r t r f f  f r o l  tha Departrat of SrScoltue 
r e l e c t d  rod rurveyrd the b r t q r n j  r i t e  in  Jraorry 1982. I t  iamlnd 24 
b. rod 10 tarnerr t o  r t r r t  v i tb  rod raprmded t o  7 1  hr rod 45 f r r w t r  in 
1964. The detailed i n f o r u t  loa about aurrbrr of p r r t i c i p r t i q  f r r u r r ,  
a t e r  coverad witb d i f f r r en t  CroppLng rya tbm,  land t t @ r t m t a ,  i m p l e t #  
ured rnd agroaimic prrct icer  for thr t b r r r  yrrm (1982-83 t o  1981-85) r t a  
given i n  Table 9 and t l ~ r .  5 rnd 6 .  
Tbc Gxtenrion r t r f f  of thr  Deprrtwat of &r icol ture  l o c r t d  r t  
Begurgro j helped i n  atrrafiing bank lornr for tbr  pr r t ic ipr t ia l ;  f r t r r a ,  
provided input rub8idler upto 502 oa roybrra r e d  and f r r t i l i u r  (uadar 
drrraartrrt ion program), hi l c  minor land rkrpiag wherever rrqoirod urd 
tbe win drainage ryrteu were c a p l a t a d  froa d a p r r t w n t r l  fuodr. 
l o r u t i o n  of broadbed rod f u r r w r  v r #  l r rgr ly  done by the M a e 1 d  Tool 
Carrier provided by ICRISAT rod r t  r l a t e r  r t q e  t b s  bepartmeat of 
Agriculture hired r t rac tor  for  bed f o t u t  ion rad r o w i q  iu o a r  craer 
due to  rhortrge of t i - .  
ICBISAT provided orcerrary trchnicr 1 guidance a d  r u p n i r  ion by the 
r c i e o t i r t r  from the IUlIMT Center rod r wbolr t ine r t r f f  r m k t  located 
r t  Begumgrnj. 
Since, tbe r o l l r  and a s r o c l i u t i c  c o d i t i o n r  o f  the rrrr wrr  
eubrtrat  i r l l y  di f fe r tn t  tbro tbc ICRISAT Ccoter i t  vrr  thought r r e e n t i r l  
that  r r  rn in t tnwdi r ry  step exploratory t r i r l r  oa the a p t  of 
cropping ry r t ca r ,  deptb of r o v i n ~ ,  r o l l  f e r t i l i t y  and iaeectr maitorin& 
-re conducted a t  the goveravnt  frm in tbc r r e r  ro tbat  promiria8 
prrc t iccr  could tben be recolaodad for rppl ic r t  ion OD tbe f r r r r r  
f ie ld* .  
Detailed c c o n a i c  data  were collected nn vrriour farm operr t ionr ,  
iuputr rad crop yield6 from tbo fitldm ra the untrrrbrd rod t b t  r d j r c m t  
f i e l d 8  of otbar farmerr for coupbring b e  ccona ic  p r o f i t a b i l i t y  and 
v i a b i l i t y  of the irproved techaologye 
R E F E R E N C E  
Highway 
F i e l d  M a r y  
Bed d i r e c t i o n  
Well  
Main drain 
F i e l d  drain 





,Soybean sole \ 
Wheeled T o o l  carrier 
Tractor 
, Rrrgntmct 
fie14 Orein -- 
Bod limo ---. 
n i g h 7  6 
rield bcNnd.ry - 
S v r r y  r u m  b wll (p 
h l n  amin - 
brordbd-urb- f u r m  91 
hurar.-on-fie r tW 
riat f 
-1.d Tar1 carrier 
1 metar tr 
-1 Snd trill w 
brordeutiw K 
sSa.n/p i#v sn (mi*) S 
- 4 r r  --- 
p i ~ .  6. Black 3011 watershed manaQement proJect &rgrrmgmJ, 1i.P. [Fhuee 11 ) 
Table 9. P a r t i c i p a t i q  f a n w r r  rad rtrr c w a r d  w i t h  I i f fa t# t  a r o s o r i c  
p r a c t  icer  i n  tb wmtrnbd pro j e c t  r t  h l - - # j  Itlbya Prrleoh (1982-63 
t o  1964-85)* 
lu;.ltwrt of frrwrr 
Area (ha)  
Croppint  p a t t e r n  
i l l n t e r c r o p r  So r l  bur ,' 




Lent A :  




k n t  I !  
L~nreed 
Land t r e r t w o t a  
W( 






T r u  tor 
Loc. 1 
I l l p l e r n c s  
1) Scad - Sorghum 1 C  kgiha 
Soy ba an SO@ " 
Pilaonpea ,P fit 
Uhar t 100 " 
C h ~ c k p e a  60 " 
L e n t i l  (* * *  
Liarred Z, *' 
i i )  F e r t i l i u r  
DIP ( 8 : M : O )  100 " 
Smnrdhx (0:31:8) 250 " 




i i i )  Plant protect ion 
b d o r u l f r n  1250 r l / h i  
Xa 1982, tbe  mit t  received 130 r of r r i a  bturea Juso 13 aab 19 fol- 
by ero t r in  doriryi Juar 19 to July  9. Thir war tbe  f i r r t  ti- LP 30 ywtr 
that a l l  t b e t  m e k t  hri! besa coarecu t iv r ly  d-.  There r r r  barn? and 
cootiauaur r a i a  dorial July fb t o  Saptomkt 4 ,  vhicb r o r r r e l y  taotrictad 
kbar i f  crop growth (Appendix I l l r ) *  f a  October, 44 - of  r a h f r l l  rrr 
recorded which helped bn emtrbltrhing t r b i  cropr ( F i 8 .  8 ) .  
T b  p a r  1983 had road d i r t r i bu t roa ,o f  r r i a r  tbmu~huut  the k b t i f  
crop growing rerroa axcrp t  t h r t  the 1art  wwlr of June war b t f .  The total 
t r i o f r l l  during t h e  7e.r war 1688 n v i t h  r a  a l l  t i r  rocard o f  370 w Lo 
24 h t r  (Appendrs IITb). 
fa 1984, tbe t o t 4 1  ra in  rmcrirwd i n  b s g w r n  j war 1308 um which i e  
r l i a b t l y  l e r r  than tho uroual rrr;rqte CI3QJ ~r - Pig. 7 ) .  h w r ,  tb, 
uoerrn d i r t r i b o t  tan and par17 c a r s r t  ion of r r i a a  i n  Boptambar rrffmctd 
glrnrinrt ion and pod f i l l  Lap. of Sovbraa rod d i d  mot a1 low tba r o d i a g  of 
the roquea t i r l  cropr r f t e r  Sorbem i n  the f r r r r r  f i o l d r  (Appendix f t f c ) .  
fbd dry prrriod betmen June 17  t o  29 and J u l y  b t o  3 1  had r d w t r e  a f f e c t  
on g ~ r m i n r t i o n ,  u h ~ l e  no ralaa r f t r r  14 September r f f e c t d  propet 8ed 
dwvclopsn t .  e beavv r r ~ n r  betmen Augurt 1 and S o p t e r k r  13 d i d  not 
a l l o r  rn? tiw f o r  in te rcu l tu re  and u c r d ~ a g .  
The rr i n f e l l  p r o b r b ~ l ~ t y  d i r t  r  rbuc ion in F i g u r e  3 iod ic r to r  thrt ia i t ir l  
prob rb i l i t i e a  of  r w t t  weak ( Y )  exceed 70 percent for  a l l  of Ju ly ,  Aly\lot 
and part of September. There ~ r  no p e r i o d  during the k h a r i f  crop grwi- 
r e u o n  vbsn the t h r c r t  of d r o u ~ h t  t r  r t r  iwm. The r m r r # e  r r i n f r l l  lwrl  
i r  r e l r t ~ v e l y  h i ~ b  (1393  rr - Fig.7) rnd the d i r t r i b u t i o n  of r r i a  rcrorr 
t b r  growing reason Lr ouch that i t  r r r u r e r  r good r o i l  l o i r t u r e  corrditioa 
for  crop provth. Eloutver, t h e  r r r n f r l l  d i r t r i b u t i o a  during 1962 a d  1984 
given i n  F ~ g u r e  8 indrc8te6 t h r t  there  tvc arr roaa  have beem rrthrr 
u n u r w l .  I n  1982 t h t  r o i l  morrturr r l t ua t i on  a r t l y  i n  the ramon 
a f fec ted  tbe plrot  rtand of t h e  khr r l f  c r o p  but war f&voutable to  tho 
e s t a b l i r h r a t  of r rcquea t l r l  r r b ~  c r o p ,  w h l l c  l r i  1984 r r t r b l i r h r n t  of r 
rtguantial r r b i  c r o p  was not ~ c ~ r r i b l r .  
I n  1982, r a m f a l l  probrbl l ~ t y  d r t h  r r r  used t o  p rac t ice  dry rwiw oa the 
lOtb Junt (Brior ich and Srn&lc 1983) .  Since the  m r o o n  war erpoctod t o  
begin around June 2 2 ,  d r y  sowing r t r r t e d  r r  per p l a n  and c w e r d  r h t  5 
b. Betwen Junt I 3  and 19,  130 a of rrrn  war received but f o l l w b $  
tuo w c k r  d r y  period r e r u t t e d  i n  poor c r o p  r t d .  
Xa 1983, about 3.5 hr war d r y  reeded. A 20 r r a in  wao r8ceiv.d oa 
23 Junt and tbcn t h e r e  wwe a d r y  rpc l l  (Fig. 8 )  vhicb caaod  poor 
germinat ion and p lur t s t  and . 


In 198&, t h e  f a r m e r s  d r r c o n t  l a u d  d r y  rwicy bccrrtes o f  bad 
r x p e r i a n c e  of poor g e n r i n a t i o n  and p l a n t  r t d  i n  1982 md 1983,  
~ e t t  k r o l r  have a  h i g h  molsturrr  r t o r a g c  r a p a c i t y  (150 m i n  r 0-100 ca 
p r o f i l a )  rhich  can buf f er  p r o l o a 8 e d  d r y  r p a l f r  once the c r o p ,  c i t b e r  
L h a r i f  or r a b t ,  i a  e r t a b l i r h s d .  The w i r t u r e  miturtiom i n  g s o r r a l  i m  
more f a v o u r a b l c  f o r  a k b r i f  w n o  c r o p  ar an iattrcrop i a v o l v i w ' . a  a b o r t  
r r a r o n  khmrif  c r o p  auch am aoybcaa  and a 10- d u r a t i o a  c r o p  of p i ~ e o n m a ,  
which can  t h r i v e  on t h e  r s r i d u a l  r o i l  m o a r t u r c  t h a n  a  r e q m t i a l  double 
c r o p p t n 8 .  F i g u r e  Q rhowr r v a i l a b i l ~ t y  of r o l l  m o i a t u r e  i n  the t o p  1 5  cr 
l a y e r  a t  t h e  t i m e  of wheat &owing i n  d i f l v t e n t  p a r a ,  which c l e a r l y  
i n d i c a t e s  ttrat t h e  rnc.saturc s~tu&t j c ~ n  in 8 out of 29 years u v  be 
f a v o u r a b l e  t o  t r t a b l i o h  t h e  raqucrlati.1 r a b i  crop.  A l r o  t h e  roi l  m o r r t u r e  
a v a i l a b i l i t y  in thc.  rcrcond 30  cm layer (Fip. 1.0) i n d i c a t e s  t h a t  i f  a 
s e q u e n t r a l  rub1 c r o p  i e  c r t a b l i r h c d  ~t can  be c a r i l v  r u r t a i n c d  on t h c  
a v a i l a b l e  6 0 1  1 m u ~ h l u r c  In ? t i ] !  r l f  29 ycara  and i n  o t h e r  p e a r s  t h e  
r u c c e o r  uf thc s r q u c n t i a l  c r o p  wa l l  dcpcnd on w i n t e r  r a i n s .  
The wate rshed  area r a p  s e l c c t e d  i n  l Q b ?  and ~ u r v e y e d  and l a i d  o u t  bv t h e  
Dcpartlnent of Agr i c u l r u r e ,  Mmdhya P r a d t a h  v l t h  a d v i c e  from ICUISAT. The 
ua tc r s t rcd  f i c l d ~  were omoothened e i t h e r  by using b u l l o c k  o r  t r a c t o r  d r a m  
I e v c l l a r .  Natural dcprcc.~.jcltlw ir: t h e  f i e l d r  n r c  a c c w d 4 t e d  i n  
v a t c r u a y b  t o  remove t x c c r r  v a t r r  Itom f i e l d s  t o  t h e  cooarrnity d r a i n .  
Community d r a i n  was  hand trimmed b y  l abour  h i r e d  by t h e  D e p r t r o t  of  
A g r i c u l t u r e  and BBF w r r r  l a i d  ou t  w i t h  WTC'  and t r a c t o r  t o  e x p e d i t e  t h e  
work. 
The coo t  of land d r v c l o p s c n t  and l a y o u t  of BBF workad ou t  t o  
Rr.lOSS/ha. Thia; h i g h  ccrst i n  c o s ~ p a r i o o n  v i t h  t h e  e a r l i e r  experience i n  
T ~ d d a n p a l l y  (Re.?54/ha) was p r o b a b l v  due t o  t ~ i r ~ n g  of t r a c t o r 8  f o r  
c x t c n r i v c  l and  smoothing and l a y o u t  o f  BBF and d i g g i n g  of c o a a u n i t y  
d r a i n r  f o r  h n v ~ n g  an e f f r c t i v c  d r a r n a g c  % y s t e m  i n  a h i g h  r a i n f 8 1 1  a r e a .  
Breadbrd-and-f ur  tat, WTC : 
The major  land and w ~ l t  e r  management component c o n s i s t e d  af a BBF sys tem 
l a i d  a n  8 g r a d u a l  slope (0.4 t o  0.8 p e r c e n t ) .  The beds =re s l i g h t l y  
r a i s e d  and abou t  100 crc i n  t o p  w i d t h  t o  a c t  a6 ~ J E !  .s-iu bundo t o  p r e v e n t  
r u n o f f  and r o i l  c r o r i o n .  The furrove ucre opened a t  a d i s t a n c e  of 150 
cm, were about 50 cm wide and 15 cm deep  to p r o v i d e  8006 r u r f a c e  
d r a i n a g e .  The f u r r o v c  *re c o n n e c t e d  t o  u a t e r w a y s  which channe led  u c e e r  
w a t e r  t o  a  canmuni t )  d r a i n .  BBF were l a i d  out on i n d i v i d u r l  f i e l d s  
without d i c t u r b i n g  t h e  f i e l d  b o u n d a r i e s .  
Wheeled Toal Carriers and t r a c t o r s  vcrt used for p r e p a r i n g  beds 
uring r u o  a t t a c h m e n t s .  A t h r c e  p o i n t  l i n k a g e  t o o l h r  was ured f o r  tbe 
t r a c t o r @  to  a t t a c h  UTC implement6 (Des ign  d e t a i l  i n  F ig .  11). Ia 1982, 
about 61% of w a t e r s h e d  a r e a  war sown by VSG and rest (392)  by tbe 
t ractor.  -llawever, i n  the f o l l o w i n g  tw year. tbe tractor  roun area b u  




r f f  i c f8Sey  of t r a c t o r  i n  corrr iq  mere a r e a  in 8 &irrrr time dor  iw tba 
critical pettold a d  dtrs t o  t h e  a v a i l a b i l i t y  of  t r w t o r a  im the r i l l r g e  om 
c u r t a r  hirim$. 
M e e l e d  Tool C a r r i r r  w u n t a d  p l a s t e r  gave better d i r t r i b v t k o a  of 
raod and f o r t i l i ~ r  8bd & e r d ~ t i m  wan g e n e r a l l y  good. EPrrver, t b e  
p l a n t e r  wcl.rrirr gave a a r  p r o b l m  d u r i n g  o p a r a t i o o r .  v b i c b  am areryCe 
f a r u r  bad d i f f i c u l t y  i n  r o l v i n g .  T r a c t o r  d r m  r e d  d r i l l  was modif ied 
a d  a d j u r t d  t o  a w  the K h r i f  c rop  oa tbe  b d a .  
Di f fe rmat  c ropp iaa  m y r t m  t e n t e d  i n  t h s  watcrrbed a r e  l i o t d  i n  Table 9. 
The p l o t w i r e  d a t a  f o r  a11 w t c r i a l  i o p u t n ,  i r g l e m m t r  u r d ,  l a b u r ,  
b u l l o t k r  .bd t r a c t o r  srrployrd wre recorded .  Y ie ld  ms c a l c a l a t d  from 
c r o p  rupl.8 (16 l m h  c o l l e c t a d  froa 1 2  r q u a r e  mtre a r e a  f r a  
each  t r s a m a t  and i o d i v i d w l  fa rmers  f i e l d  ( r n p l t  c r o p  cut t iny:  v c b o d  
i n  Appendix I V ) .  Economic e v a l u a t i o n  was bared upon a c t w l  u t t r ~ a l  and 
labour  c o r t r ,  b u l l o c k r  and t r a c t o r  r e n t a l  comtr.  Family labour  and 
farwcr  ovasd bullockm and t r a c t o r 8  = r e  con r ide rad  t h e  r a w  a$ for h i r e d .  
The u r t  of Wl'C war charged acco rd in8  t o  t h e  machinery h l r i a g  r a t e  rn tba 
v i l l a $ *  r e  f o o t  note i n  Appendix Va r n d V b ) .  C r o r r r e t u r n r v c r a  
c a l c u l r t d  f r m  p r e v a i l  ing 1 0 ~ 8 1  market p r  i ce8  of produce appror  i u t a l  y 
h a l f  wrath a f t e r  harvmrt. 
Data wre  r l r o  c o l l e c t e d  from t r r d i t  iona l  f i e l d r  ( m a n q e d  b~ t h e  
fa rmata)  around t h e  u a t a r r h e d  having c ropping  ryrtema r i m i l a r  t o  t b o r t  i n  
t b e  u r t a r a h e d .  T r a d i t  ion81 f i e l d r  were c t r a t  i f i o d  a r  poor ,  mudium a d  
good acco rd ing  t o  t h e  i npu t s  a p p l i e d ,  p l a n t  o t a n d ,  c rop  g rov th  and moil 
t ype  #nd a u p l e  c r o p  c u t t  in8 f o r  y i e l d  war done a r  d e r c r i b e d  ia c a s e  of 
t h e  va te rnbed .  Often r cropping  r y r t e o  i n  t h e  waterrhed p r o j e c t  war n o t  
s v s i l r b l e  i n  t r a d i t i o n a l  f i e l d r  f o r  coaparicon, hence, i t  was d i f f i c u l t  
t o  have muf f i c i an t  rampling of t r a d i t i o n a l  f i e l d r .  
Data for c r o p  y i e l d s  f o r  i n d i v i d u a l  p l o t r  and a  6 r y  f o r  each cropping  
ryr tcm a r e  g iven  i n  Appendix VI a-c. 
Sorghn/Pigeonpca :  Tn 1982 ,  a  eho r t  d u r a t i o n  hybr id  s o r g b u r  (CSB-5) war 
in t e r c ropped  w i t h  a  long d u r a t i o n  pigeonpea (local v a r i e t y  r e c a r u n d e d  by 
t h e  D e p a r t r n t  of  k r i c u l t u r e ,  I 4 . P ) .  Tbe i n t e r c r o p  war ram on t h e  beds 
wi th  a 2:1 c c r e a l / p u l r t  r a t i o ,  advised  on the b m i r  of  ICRISAT r e ~ e a r c h  
r e a u l t r .  About 40% a r e a  v a s  covered under  aorghua/pigaoopea i n t c n r o p  
and 100 kg MP/ha wao a p p l i e d  d u r i n g  rowing. Sorghum y i e l d e d  o n l y  0-338 
kg/h., i t  rrr due t o  cont inuous  r a i n s  d u r i a g  J u l y  10 to  September 4, 
wbicb d i d  n o t  a l l o w  any time f o r  i n t e r c u l t u r e ,  - d i n g  a d  t o p  d r e s s i n g .  
t3ovsvcr, pigeoapaa y i e l d r  were b e t t e r  (602 t o  1276 kg/hr) ( ~ p p e a d i r  ma), 
r h i c b  r a r u l t e d  i n  a  groom p r o f i t  o f  8 ~ . 1 7 3 9 / b .  f r a  i n t e r c m p p i ~  
(Appemdix ?XI.). bacaura of  poor y i e l d s  t h e  f a r r a r e  d i r c o o t i ~ w d  rorghu 
*OVirq ib tbc aubsequaat y e a r s .  
Coybodti8.00~..: SoJk~iP-a  I P t e t c r ~ ) ~  -0 sourer 4:1 rat io  in I23 
rrrrcr usillll(~ UTC mad tract= drwm mead d t i l l r .  Abm~t 250 kg/& -aLi 
(8:32:8) f q r t k l i - r  4 applied am mwotd by tb. h g r t m t  of 
S r i c u l t r r e .  Peer plaot s t@ of s g b r a  crrrp rora by trrtor drnm r+.l 
b r i l l  ir r a n  plator rerult.11 i m  a wide n t i a t i a s  o f  crop yieldr (243 t o  
lM3 41h.). Xa r p i t a  of  t h i +  t a r i r t i a s  ia tb, yie ldr  tba f e r r n  ccllrld 
#at; a #mars p r o f i t  artmod llt.*3000 for the t h r e e  mar8 (Appemdh VIf a + ) .  
Tbme rvroltr coaf i r r d  the prof i t a b i l i t y  of  roybmaa pi4.sajl.r 
interctoppjsll on deep Vert b o l a  u d o r  biab r a i n f a l l  c lnrdi thr  of w h y 8  
h o d e r b  rrrcmud.16 by 8h.m 8t a1.  (1973, 1975). T b  anhawad temmr 
pcrpu1arir.d r o y k a n  tpiaeoopaa k r t e r c r o p  rab the intarcrop a r e a  i.otoara4 
frwr 122 in 1982-83 t o  65X in 1983-84. A v e r y  wide plot-to-ptot 
v a r i a t i o n  i n  r o y k a n  and pigronp.a  y ie ld  and prof  i t 8  r.8 obrervad in  botb 
1983-84 mad 1984-05 merroaa. r & t o  i r  a o r d  t o  d o t e r r b e  t h e  uurer of 
thimi v a r l e t i o a  r o  that y;roaamie praetic.r c w l d  k darrlopad m d  
r u m m d e d  t o  r t a b i l i s o  t b e  y i e l d  of  the crop a t  am o p t i u r  levr l .  
Soyb.an?rb+mt; Soybshn-vbeat r c q u 8 a t i a l  c roppin8  ram unbertakom ia 312 
of t h e  a r e a  du r ing  1982-83. The l o r 8  insurrmd In t b e  r o y k a a l r b a a t  
r e q u e n t i a l  cropping may be d w  t o  ( i )  poor p l a n t  r t u d  i o  t r a c t o r  ram 
roybean c rop  a r e a ,  ( i i )  d r y  s p e l l  d u r i n p  Juae 19 to  July which 
r e r u l t e d  i n  poor c r o p  y i e l d @  (277 t o  5 5 2  kg/ha)  (Appsndir ma), a d  (iii) 
h igh  input  c o r t r .  B ~ u e v e r ,  i n  1983-84 t h e  f a r w r r  wre  boarfitad with r 
gram r e t u r n r  of ID .3117/ha but t h e r e  war a r d u c t  ion io  r o y b a a a l r s a a t  
a e g u e n t i a l  crop a r e a  from 31X i n  1982-83 t o  22% i n  1983-84 (Appaodir 
VIIb). n3. r e d u c t i o n  i n  the  a r s r  warn d w  t o  r id .  8ccrpt.ocr of 
aoybean/pigeoapaa in t e r c ropp ing  rny8t.r by the f a r u r r .  The t a m r s '  
a ccep tance  of raybran /  pigeonpea in t e r c ropp ing  ia prafercroce to  
roybean-vbset  rcqusnti.1 cropping i r  e a r i l y  uader r tood  by t h e  f a c t  t h a t  
CV of g r o r r  p r a f i t r  v a r  345% i n  c a r t  of royb~an-wheat  rmqucratial c r o p  as 
a g a i n r t  352 f o r  aoykan/p&eonpea  i n t e r c r o p  (Walker m t  a1. 19833. 
Ncve r tbe l ee r ,  i n t a r c ropp ing  w i t h  long d u r a t i o n  piaaoapaa r u f f e r r  f r o a  
the r i s k  of f r o r t  damage and t h e r e f o r e ,  r e q u a a t i a l  c roppiag  a f t e r  r o y k a n  
w i l l  be t r i e d  a t  a r u b a t a n t i d  s c a l e  80 a c a t c h  c r o p  8tr.t-g. Purina 
1984 m a j o r i t y  of t h e  pure  c rop  roybaan f i c ldr  i n  t h e  r r t e r r b s b  could not 
br, rclrm t o  a rub8equent r a b i  c r o p  d u e  t o  l ack  of a v a i l a b l e  r o i l  roirturr 
o r  the c r o p  rova f a i l e d ,  whi le  i n  1983 a l l  t h e  roybeao pu re  c rop  f i e l d 8  
vcre double cropped e i t h e r  b y  p l a n t i n g  wbeat or c b i c k p a r ,  
Three p a r e  obe rva t ion r  on cropping s y r t r r u .  i r r * r p ~ c t i r o  of the 
laad t r ea tmen t  (Table  10) *taw t h a t :  
1, Soybemn/pig.orrpea i n t e r c r o p p i n 8  g i v e r  maxi- prof  it., 
2, t b r i f  croppin8  of  royberaa even ar a m o a c r o p  i r  rprm p r o f i t r b l a  tb.o 
t r d i t h l  croppi* of f a l l w  w h a t .  
3. A r  r e q u e n t i a l  c rops  l e n t i l  #ad linreed i n  r a b i  a P t e r  soybean bmr 
rore u r u r s d  r e t u r n 8  than wheat 88 a 8eqwmttial  crup. 
4. ID care af f a l l o w  r a b i  war r r rop  ay8t . r  lmtil #d 1bs.d w y  equal 
ia profita to  rooocrop eoybe.9 cropping in -+if, .od arm btter 
a I t e r n a t i + e a  t & ~  f a l l o r v b r a a t ,  f-arm are lfke3ty to  k wrm r h k j  
thaa k h r i f  croppiat$. 
Table 10. frput. a d  prof i t r  ( R r  hd": ) for  cbe differeat  r p t m  f~ three 
yaatr of  XW i n  tbe  Wmcoj rrterobed. 
Cropp in8 Land Input r  Croar Taput r Croar Iaputr Crorr 
8 ta t . r  t rer t r r r r t  p rof i t r  prof it r  prof it r 
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Tbra r t r t t  department of Agriculture in i t ia ted  an i rprwed Vertirol 
rural;ersat project a t  Btgw~gm j , dia r r  i c t  b i e e n  i n  cot laborat ion w i t h  
XmXSAT i n  1982 in 8 microu~terrhed of 24 ha iovolving 10 farmerr, wbicb 
upanbed t o  7 1  ha and 45 farrerr  i n  1980. 
The average raFaf8ll in Bqumgaaj is 1393 um, vbicb coverr about 90% 
of po tmt i a l  avapottmrpiration (PL) of 1542 r and arb ib i t r  o s t i c  r o i l  
moirturo $fl;Plb. Tbs u u i u m  and mini- t a q t r a t u t e r  r a w e  bttween 45% 
te 4- ~ 5 t h  pomaibility of fromty coaditiome eortira. Tbt m k l y  
raiafall diat r ibut  ion urd the rainfa1 S probabilitiem indicate that 
m u r j  h88 dependable ra in fa l l  d i r t r ibu t ioa  during th. r a i ny  r t u o n .  
.rue b y b a n  yieldr  a r e  met improved by B U  laad-rod-wter m m ~ o m t  
o p t a m  .nd p l a r r t h  of  w h a t  ar a r o q a t i . 1  crop orr tbr btoadbdr i e  mot 
ablm t o  ccrqrrJrate for tb r  100s of laad in iiurrour. CooarqrwotIy wboat 
yields i n  BW ryrtam a re  Iear than in Elrt coatiawru.r planti-. 
boybean r o ~ n / p ~ e o u p r r ~  intorcroppi- o p t -  dm- k h r i f  
a re  ~ o i w  t o  p r r b a r h t r  tho ctoppiw r y r t r  in  tb. m a r .  Powvmr, aimem 
i a te tcrmpph ayrtem w i t h  l a w  dutat  iom pigwapca ru f fa t r  f froat 
r eqwot ia l  croppi- a f t r r  roybean w i l l  be cr i rd rt  r rubrtanti.1 rcrrla, 
tbomb i t r  ruccesa varier from mar to p a r .  7ba probability Sa that 8 
out of  29 p a r a  requential doubla cropping w i l l  br r ruccera. 
Boyban yir ldr  vary widely (1506-1300 ka/ha) tram ooc, f r r r r O r  timid 
t o  another. T b r a  i r  r  n e d  t o  rcudy sad atmdardiro tb r  + @ r o a a j  of the 
crop act that  the yield levelr  i n  the f r t r r t r  f ia ldr  could br rtabLlirrd. 
Three yearn ob*enationn on cropping r y r t n ,  i r ro rp rc t i r e  of the 
laad t r e a t r a a t r ,  rhowed t h a t :  
1 .  Soybeanlpigeonpea intercropping giver u x i u a  p r o f i t r ,  
2 .  Kharif cropping o f  roybean cwra 88 a  maocrop t a  more prof i tab l r  than 
t rad i t ional  cropping of fsllov wheat. 
3.  An r equen t~a l  crops l inrted urd l en t i l  ia rabi a f t e r  roybeab have 
more arrured returnr than wheat ar a r rquaat i r l  crop. 
4. In care of fallow-rabi manocrop ry8t.r l e n t i l  and linreed may equal 
i n  p r o f i t r  to  wnocrop raybean croppin8 i n  kharif and a re  b e t t e r  
a l t e r n a t i v t r  than f a l l o u r h e a t .  Houevar, i t  i r  likely t o  bs more 
rink J than khari f cropping. 
Costpariron of individual cropping r o t  rhovad that higher 
economic p ro f i t ab i l i ty  o f  the improved wterrhed techaology war mainly 
due t o  the abrence o f  falloving and practice of inter-  or double cropping 
i n  the water rhd .  
Dependability a d  p ro f i t ab i l i ty  of the requantial rabi crop  era be 
araured by recycling the cxcerr maoff for one or tvo i r r is ; r t ionr  througb 
fa- ponds or wellr. Wells are  becoming popular i n  the r rea .  
Tropicultor ruffcrad f r a  l&ck of p l a r t i c i t y  i n  operatin8 time (can 
operate only under dry coaditionr),  h i g h  co r t ,  and hemy dtrf t  for - d i m  
and r u l l  r i m  bullocka of tbe farmerr. Farwtrr a r t  interested i n  havial 
lw cort  implcwatr capable of covering w r e  area i n  a  given ti-, 
par t icu lar ly  read rod f e r t i l i z e r  plrctment e q u i p a t .  
W.int6arrnce of f i e l d  t o  f i e l d  grarrtd uatenayo bra not breo 
porr ible  since f r rpcr r  a re  mot Satererted t o  lore tbe land involvd  sad 
a re  in tbe habit of cul t ivat ing &ad plcatiag a crop in the marked 
uatervryr. A pract ical  rolution i r  t o  plmt the -teruat# witb r fce  by 
broadcarting moon a f t e r  tbe seeding of the  general crop. 
S o i l r  a r c  deep V e r t i r o l r  u i t b  lave1 to  vary g e a t l e  m l o p i q  p i e d m o t  
.nd r o d e r a t e l y  mlf d ra ined  c b r a c t e r i m t i e a -  Clay contrcot varier f r a  
44.6 t o  59.3% rod h r r  us i n c r e a r i ~  trrad v i t b  depth .  k t l k  density 
v a r i e r  from 1.81 t o  1 -99  v i t h  depth ,  which i o d i c a t s r  lore cap . c toe rm of 
roi l  i n  tb. r u b r u r f a c s  botima, r e r u l t i o g  in r e l a t i r e l y  lw r a t u r e t e d  
h r d r o l i c  conduct l v i t j  is mubroil l a y e r r  a& poor r o o t  t o n e  a @ r r t i o a .  
fa r a i n y  r c u o n  rorghurr and p i g e a a p a  have been tbe u i o  e m p r  i n  
t h e  p a r t ,  bu t  i n  r e c e n t  year* ro.l);bean i r  becoming popular .  Tbe p r e r e o t  
land u r e  i n  Z k g u q p o j  r e v r a l r  t h a t  t r a d i t i o n a l l y  B e g q r r n j  hltm uu&r 
h a a t ,  ch ickpea ,  l e n t i l  8ad l i a r a d  c rop  zoae add approximate ly  80% of 
the cropped a r e a  i r  l e f t  f a l l w  durimg t h e  r a i n y  a e u o o .  
Conmidaring t h e  r o i l  and t h e  r a i n f a l l  c h a r r t c r t i a t i c r  of t b e  
l o c a t  ion r a t u r a t e d  s o  1  moisture regime8 for c o a e i d b r a b l e  perid and 
a u r f a c s  vatcrlogg$ing i n  pocka te ;  and m o c i o t c o a a i c  f a c t o r r  ruch a8 low 
p o p u l a t i a a  d e n r i t y  (76 / sq .  Its i n  Rairrrn d i s t r i c t ) ,  r e l a t i v e l y  l a r g e  
balding,  ( ave rage  ho ld ing  4 ha)  and proximity t o  e x t e n r i v e  f o r e r t  l a ~ d  
ate r00d of t h e  f a c t o r r ,  t h a t  have been rcmponsible for l i m i t e d  r a i n y  
r ea ron  cropping a s  compared t o  t h e  d i s t r i c t s  of Dapoh, J a b a l p u r ,  and 
I a r r i n g p u r ,  which  have rim1 l a r  a g r o c l i m a t i c  and r o i l  c h a r a c t e r i r t  i c r ,  but 
have over SOX kharif cropping .  
The ICRIMT'r improved V c r t i r o l  umnagtmrat t e c h n o l o ~ j  was eva lua ted  
wi th  t h e  fo l lowrng  o b j e c t i v e s :  
1. Avoid water logging  c o n d i t i o n s  fo r  t h e  s t a n d i n g  r a i n y  r ea soa  c r o p  a d  
qu ick ly  dimpose o f f  t h e  exce ra  wmter fram the s o i l  r u r f a c e .  
2. I n c r e a s e  cropping i n t c n r i  t y by i n t roduc ing  an e f  fcet  i n  r a i n y  r c u o a  
i n t e r c r o p  o r  r r o l e  c rop  f o l l o v e d  by an a p p r o p r i a t e  s e q u e n t i a l  c rop .  
F a r r r s  and t h e  Department of Agr i c u l t u r c  o f f i c e r s  a p p r e c i a t e d  t h e  nesd 
a d  u t i l i t y  of l andrhaping ,  c o n s t r u c t  ion of f i e l d  cbanne l r .  g r a r r e d  
W t a r u a y r  and muin d r a w s  for  d r a i n i n g  t h e  e x c e s s  w a t e r ,  v b i c h  is  o f t e n  a  
problem i n  h igh  r a i n f a l l  a r e a s .  However, develop9ent  of ur te rwayr  and 
c a u n i t y  d r a i n s ,  which bar t o  be done by the Department of A g r i c u l t u r e  
w e d 8  t o  be prope r ly  implemented. I t  i s  not p o r r i b l c  f o r  t b e  i n d i v i d u a l  
farmers  t o  look a f t e r  theoc  a s p e c t s .  
Bbl rystem i e  d i f f i c u l t  t o  m a i n t a i n  through t h e  r a i n y  o e u o a  by 
i n t a m i t t e a t  i o t e r c u l t u r e  and bed shaping  due t o  heavy r a i n s  and 
prolonged w e t  day8 and a s  euch does not cffcrtivclg c o n t r i b u t e  towards 
iacretaacd p r o d u c t i v i t y  and p r o f i t s  i n  a  r o y k a n  ryr tem.  h c c  
landshapilrg,  u a t e r u a y s ,  channe l s ,  and auin  d r a i n 6  a r c  e r t a b l i r h a d  r imple  
t r e a t a u n t 8  ouch am rov ing  a long  k e y l i n e r  oa f la t -on-grade  rod opening 8 
forror-oa-grade a f t e r  an i n t e r v a l  of 3m rhould s e r v e  the purpom of  
improved dra inage .  
Cropping r y s t c a s  a r e  l oca t  ion  and a r e a  specific and l a n d - r o d n t e r  
mmtapemeut treatments need t o  be determined accordirrg t o  t h e  r o i l  and 
laad c h r r a c t e r i ~ t i c r ,  and t h e  r a i n f a l l  p a t t e r n ,  and t h e  cropm to be 
gram. S o r g h u r / p i ~ e o n p e a  s a d  au i r e l p i ~ s o m p e a  o p t -  wb icb  gar, bigb 
p to f i tm  a t  fCStXSAT Centcr  could n o t  be popular  a t  Wmanj. Choice of 
c r o p s  Iesm r u a c e p t i b l c  t o  excemoive r o i l  m o i s t u r e  o r  ~ t e r l w g h  to m a n e  
rx tmtv  ruch am roybsm and r i c e  were t h e  arrtur.1 p r e f e r ~ ~ t e a  of t h e  
farwrr t o  cope up v i t h  t h e  ~ x c e r a i v e  .oil moimture codit  bnm iO the 
1. Cultirrtioo of l a d  room af ter  b t r r r t i ~  tbm h a r t  crop which 
rxteabr up t o  April i r  mot porriblr bacrurr of bard r o i l  b u r b  bat 
dry p.riod after *art thterh5a8, r)ritb &a procmlaacr ov8t my otbor 
oprrrt ism. 
2. Iatareultura by tropicuftor bar not been poeribte in wet 1 ai l8  
local irplemmtr are rf fet t lue .  
3 .  Siace dry ~acldiaa of aoybrra I 8  not t r t y  drpeadrble, oarin# i m  urt 
r o i l  by tropicultot  parer ptobtrrr. 
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